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Description 
CAPACITOR STRUCTURE 

Background of Invention 
[0001] i. Field of the Invention 

[0002] The present invention relates to a capacitor structure, and 
more particularly, to a capacitor structure applied to a thin 
film transistor liquid crystal display (TFT-LCD) to improve 
contrast of the display by increasing capacitance value 
and aperture ratio. 

[0003] 2. Description of the Prior Art 

[0004] Currently, liquid crystal displays(LCDs)area mature flat 
panel display technology. Applications for liquid crystal 
displays are extensive and include mobile phones, digital 
cameras, video cameras, notebooks, and monitors. Due to 
high quality display requirements and the expansion of 
new application fields, the LCD has developed toward high 
quality, high resolution, high brightness, and low price. A 
low temperature polysilicon thin film transistor liquid 
crystal display (LTPS-TFTLCD) is one type of thin film 



transistor liquid crystal display. The low temperature 
polysilicon thin film transistor liquid crystal display, being 
actively driven, is a break-through in achieving the above 
objectives. Furthermore, the metal-oxide-semiconductors 
and the low temperature polysilicon thin film transistor- 
sused in this technique are integrated in the same manu- 
facturing process to fabricate a system on panel (SOP). 
Therefore, technological innovation based on this concept 
has become an important subject for further development. 
[0005] a thin film transistor liquid crystal display (TFT- LCD) uti- 
lizes thin film transistors (TFTs) as switches of active ma- 
trix to control the charges of pixel electrodes. By rotating 
the liquid crystal molecules of the liquid crystal unit in the 
pixel to expected angles, the amount of light passing 
through the pixel is controlled. Referring to Fig. 1, Fig. 1 is 
an equivalent circuit diagram of a pixel 20 in a TFT-LCD. 
As shown in Fig. 1, the pixel 20 comprises a liquid crystal 
unit (LC) electrically connected to a common counter elec- 
trode (CE) and a thin film transistor 22. A gate electrode 
24 of the thin film transistor 22 is electrically connected 

to a scan line G , a drain electrode 26 of the thin film 

o 

transistor 22 is electrically connected to a signal line D q , 
and a source electrode 28 of the thin film transistor 22 is 



electrically connected to a pixel electrode (not shown) of 
the LC. The pixel 20 further comprises a storage capacitor 
(SC) electrically connected between the LC and a scan line 
G . Since the capacitor can increase or decrease the 
amount of charge by charging or discharging depending 
on the variation of voltage, the storage capacitor SC is not 
only used to reduce the voltage variation of the LC due to 
leakage current, but alsois used to assist the LC with stor- 
ing electric charges. The turned-on time for the pixel 20 
is thus lengthened. 
[0006] Referring to Fig. 2, Fig. 2 is a structural schematic diagram 
of a thin film transistor liquid crystal display 30 according 
to the prior art. As shown in Fig. 2, the prior art thin film 
transistor liquid crystal display 30 comprises a substrate 

32. The substrate 32, composed of transparent materials, 
is an insulating substrate, and the substrate 32 comprises 
a glass substrate, a quartz substrate, or a plastic sub- 
strate. A pixel array area 33 and a periphery circuit area 
34 are included on a surface of the substrate 32. A thin 
film transistor area (TFT area) 35, a capacitor area 36, and 
an aperture region 37 are included in the pixel array area 

33. The thin film transistor area 35 is used for disposing a 
thin film transistor 38, and the capacitor area 36 is used 



for disposing a storage capacitor 42. Since a gate 44 of 
the thin film transistor 38 is composed of a low tempera- 
ture polysilicon material, the thin film transistor 38 is a 
low temperature polysilicon thin film transistor. 

[0007] The storage capacitor 42 comprises a first insulating layer 
46 disposed on the substrate 32, a first metal layer 48 
disposed on the first insulating layer 46, a second insulat- 
ing layer 52 disposed on the first metal layer 48, a second 
metal layer 54 disposed on the second insulating layer 52, 
a third insulating layer 56 disposed on the second metal 
layer 54, and an organic coating 58 disposed on the third 
insulating layer 56. A contact hole 62 is included in the 
organic layer 58 and the third insulating layer 56 to ex- 
pose portions of the second metal layer 54. A transparent 
conductive layer 64, extending into the contact hole 62, is 
disposed on the organic layer 58 and connected to the 
second metal layer 54. 

[0008] B 0 th the first insulating layer 46 and the second insulating 
layer 52 are silicon oxide layers. The first metal layer 48 
and the second metal layer 54 may each be a tungsten 
layer (W layer) or a chrome layer (Cr layer). The third insu- 
lating layer 56 is a silicon nitride layer. The organic layer 
58, formed by a spin coating method, is an organic mate- 



rial layer. The transparent conductive layer 64 comprises 
an indium tin oxide layer (ITO layer) or an indium zinc ox- 
ide layer (IZO layer). The first metal layer 48 is used as the 
bottom electrode plate of the storage capacitor 42, the 
second metal layer 54 is used as the top electrode plate of 
the storage capacitor 42, and the second insulating layer 
52 is used as the capacitor dielectric layer of the storage 
capacitor 42. 

[0009] However, the prior art capacitor 42 applied to the thin film 
transistor liquid crystal display 30 is essential barring any 
break though. The capacitance value of a capacitor di- 
rectly reflects its charge storage ability. The larger the 
area of the electrode plate is, the higher the capacitance 
value is. In other words, the number of charges stored by 
the capacitor is proportional to the area of the electrode 
plate. Although the capacitor has a large area electrode 
plate and can store more charges to lengthen the turned- 
on time for the pixel, a large area is occupied by the ca- 
pacitor to reduce the aperture ratio. Therefore, not only is 
the maximum brightness of the liquid crystal display lim- 
ited, the overall contrast is reduced. Under the limitation 
of insufficient aperture ratio in the pixel, special process- 
ing or consideration is required when designing or pro- 



ducing products to result in raised cost, leading to un- 
competitive products. 
[0010] Therefore, it is very important to develop a new capacitor 
structure having a small area to store a specific number of 
charges so as to improve the contrast of the liquid crystal 
display when applied to the thin film transistor liquid 
crystal display. Furthermore, current processing should 
not need to be changed when fabricating the capacitor 

structure to produce competitive products. 
Summary of Invention 

[° 011 ] It is therefore one object of the present invention to pro- 
vide a capacitor structure, especially a capacitor structure 
applied to a thin film transistor liquid crystal display, to 
improve contrast of the display by increasing capacitance 
value and aperture ratio. 

[0012] According to one aspect of the present invention, a ca- 
pacitor structure is provided. The capacitor structure 
comprises a substrate, a first conductive layer disposed 
on the substrate, a first insulating layer disposed on the 
first conductive layer, a second conductive layer disposed 
on portions of the first insulating layer, a second insulat- 
ing layer disposed on the second conductive layer and the 
first insulating layer, a third conductive layer disposed on 



portions of the second insulating layer, a third insulating 
layer disposed on the third conductive layer and the sec- 
ond insulating layer, anda fourth conductive layer dis- 
posed on the third insulating layer. The third conductive 
layer and the fourth conductive layer are electrically con- 
nected to the first conductive layer and the second con- 
ductive layer through at least one first contact hole adja- 
cent to the second conductive layer and at least one sec- 
ond contact hole, respectively. 
[0013] it j S an advantage that the present invention capacitor 
structure replaces the conventional planer capacitor of 
two-layered electrode plates with three stacked capacitors 
of four prior art conductive layers in conjunction as four- 
layered electrode plates. Since these three capacitors are 
connected in parallel with one another, the capacitance 
value of the equivalent capacitor is equal to the sum of 
the capacitance values of these three capacitors. The area 
of the present invention capacitor structure is thus only 
approximately one third of the area of the prior art capac- 
itor structure used to store the same number of charges. 
Therefore, not only is the aperture ratio of the pixel in- 
creased, but also the maximum brightness of the liquid 
crystal display is improved correspondingly to improve the 



insufficient overall contrast phenomenon frequently oc- 
curring in the prior art. In addition, because the present 
invention capacitor structure utilizes the four conductive 
layers of the prior art, no extra cost is incurred due to 
special treatment or consideration to fabricate very com- 
petitive products, when applying the present invention ca- 
pacitor structure to low temperature polysilicon thin film 
transistor liquid crystal displays or other products. 
[0014] These and other objectives of the present invention will 
become apparent to those of ordinary skill in the art after 
having read the following detailed description of the pre- 
ferred embodiments illustrated in the various drawings. 
Brief Description of Drawings 

[0015] pig. 1 is an equivalent circuit diagram of a pixel in a TFT- 
LCD. 

[0016] pig. 2 is a structural schematic diagram of a thin film 

transistor liquid crystal display according to the prior art. 

[0017] Fig. 3 is a structural schematic diagram of a thin film 

transistor liquid crystal display according to the present 
invention. 

[0018] Fig. 4is an equivalent circuit diagram of the storage ca- 
pacitor shown in Fig. 3. 
Detailed Description 



[0019] Referring to Fig. 3, Fig. 3 is a structural schematic dia- 
gram of a thin film transistor liquid crystal display 100 ac- 
cording to the present invention. As shown in Fig. 3, the 
present invention thin film transistor liquid crystal display 
100 comprises a substrate 102. The substrate 102, com- 
posed of transparent materials, is an insulating substrate, 
and the substrate 102 comprises a glass substrate, a 
quartz substrate, or a plastic substrate. A pixel array area 
103 and a periphery circuit area 104 are included on a 
surface of the substrate 102. A thin film transistor area 
105, a capacitor area 106, and an aperture region 107 are 
included in the pixel array area 103. The thin film transis- 
tor area 105 is used for disposing a thin film transistor 
108, and the capacitor area 106 is used for disposing a 
storage capacitor 112. Since a gate 114 of the thin film 
transistor 108 is composed of a low temperature polysili- 
con material, the thin film transistor 108 is a low temper- 
ature polysilicon thin film transistor. 

[0020] The storage capacitor 112 comprises a first conductive 

layer 116 disposed on the substrate 102, a first insulating 
layer 118 disposed on the first conductive layer 116, a 
second conductive layer 122 disposed on portions of the 
first insulating layer 118, a second insulating layer 124 



disposed on the second conductive layer 122 and the first 
insulating layer 118, a third conductive layer 126 dis- 
posed on portions of the second insulating layer 124, a 
third insulating layer 128 disposed on the third conduc- 
tive layer 126 and the second insulating layer 124, and a 
fourth conductive layer 132 disposed on the third insulat- 
ing layer 128. The third conductive layer 126 is electrically 
connected to the first conductive layer 116 through at 
least one first contact hole 134. The first contact hole 134 
is adjacent to the second conductive layer 122. The fourth 
conductive layer 132 is electrically connected to the sec- 
ond conductive layer 122 through at least one second 
contact hole 136. 
[0021] The first conductive layer 116, the first insulating layer 

118, and the second conductive layer 122 form a first ca- 
pacitor, the second conductive layer 122, the second in- 
sulating layer 124, and the third conductive layer 126 
form a second capacitor, and the third conductive layer 
126, the third insulating layer 128, and the fourth con- 
ductive layer 132 form a third capacitor. The first conduc- 
tive layer 116 is a polysilicon layer. The first insulating 
layer 118 comprises a silicon oxide layer (SiO layer, 

X 

where 0<x<2.0), a silicon nitride layer (SiN layer, where 



0<y<1.33), or a silicon oxynitride layer (SiO N layer, 

x y 

where 0<x<2.0, 0<y<1.33). Each of the second conduc- 
tive layer 122 and the third conductive layer 126 is a 
metal layer, an alloy layer, or a metal multi-layer. The 
metal layer comprises a tungsten layer, a chrome layer, a 
titanium layer (Ti layer), an aluminum layer (Al layer), a 
niobium layer (Nb layer), or a molybdenum layer (Mo 
layer). The alloy layer comprises an aluminum- 
neodymium layer (AINd layer). The metal multi-layer com- 
prises a titanium/aluminum/titanium layer (Ti/AI/Ti 
layer), a molybdenum/aluminum/molybdenum layer 
(Mo/AI/Mo layer), or a chrome/aluminum (Cr/AI layer). 

[0022] Each of the second insulating layer 124 and the third in- 
sulating layer 128 comprise a silicon oxide layer, a silicon 
nitride layer, or a silicon oxynitride layer. The fourth con- 
ductive layer 132 comprises an indium tin oxide layer or 
an indium zinc oxide layer. The first contact hole 134 is 
disposed in the first insulating layer 118 and the second 
insulating layer 124 to expose portions of the first con- 
ductive layer 116. The second contact hole 136 is dis- 
posed in the second insulating layer 124 to expose por- 
tions of the second conductive layer 122. 

[0023] The third conductive layer 126, extending into the first 



contact hole 134, is connected to the first conductive 
layer 116 so that the first conductive layer 116 and the 
third conductive layer 126 are electrically connected to 
each other. A fifth conductive layer 138 is included on the 
substrate 102, and the fifth conductive layer 138 is dis- 
posed in the second contact hole 136 to electrically con- 
nect the fourth conductive layer 132 to the second con- 
ductive layer 122. The third conductive layer 126 and the 
fifth conductive layer 138 are formed by patterning a 
same metal layer. Because the third conductive layer 126 
is not connected to the fifth conductive layer 138, the 
problem of short circuits between the first capacitor, the 
second capacitor, and the third capacitor will not occur. 
[0024] it j S worth noting that the fourth conductive layer 132 ex- 
tends to the entire aperture region 107, the entire thin 
film transistor area 105, and the entire periphery circuit 
area 104. The fourth conductive layer 132 is electrically 
isolated from other structures, such as thin film transis- 
tors, metal layers, or conductive layers, by an organic 
layer 142 disposed on the substrate 102. The fourth con- 
ductive layer 132 extending to the thin film transistor area 
105 is used as a pixel electrode (not shown) of a liquid 
crystal unit (not shown). In addition, the organic layer 



142, formed by a spin coating method, is an organic ma- 
terial layer. The fifth conductive layer 138 extends to the 
thin film transistor area 105 to electrically connect the 
fourth conductive layer 132 to a drain 144 of the thin film 
transistor 108. In fact, the fifth conductive layer 138 is a 
signal line (not shown), and the fifth conductive layer 138 
together with a scan line (not shown), electrically con- 
nected to the gate 114, are used to control the turn-on 
and turn-off of the thin film transistor 108. The charge of 
the pixel electrode (not shown) is thus controlled to rotate 
the liquid crystal molecules (not shown) filled in the liquid 
crystal unit (not shown) to expected angles. 
[0025] Referring to Fig. 4, Fig. 4is an equivalent circuit diagram of 
the storage capacitor 112 shown in Fig. 3. As shown in 
Fig. 4, the storage capacitor 112, shown in Fig. 3, is an 
equivalent capacitor including the first capacitor, the sec- 
ond capacitor, and the third capacitor, shown in Fig. 3, 
connected in parallel with each other. The top electrode 
plate, the capacitor dielectric layer, and the bottom elec- 
trode plate of the first capacitor are the second conductive 
layer 122, the first insulating layer (not shown), and the 
first conductive layer 116, respectively. The top electrode 
plate, the capacitor dielectric layer, and the bottom elec- 



trode plate of the second capacitor are the second con- 
ductive layer 122, the second insulating layer (not shown), 
and the third conductive layer 126, respectively. The top 
electrode plate, the capacitor dielectric layer, and the bot- 
tom electrode plate of the third capacitor are the fourth 
conductive layer 132, the third insulating layer (not 
shown), and the third conductive layer 126, respectively. 
The second conductive layer 122 and the fourth conduc- 
tive layer 132 are used as a positive electrode (or a nega- 
tive electrode) of the storage capacitor 112, and the sec- 
ond conductive layer 122 and the fourth conductive layer 
132 are electrically connected by the fifth conductive layer 
138 through the second contact hole 136. The first con- 
ductive layer 116 and the third conductive layer 126 are 
used as a negative electrode (or a positive electrode) of 
the storage capacitor 112, and the first conductive layer 
116 and the third conductive layer 126 are electrically 
connected by the third conductive layer 126 through the 
first contact hole 134. Therefore, the capacitance value (C 
st ) of the storage capacitor 112 is equal to thesum of the 
capacitance value of the first capacitor (C^), the capaci- 
tance value of the second capacitor (Cy, and capacitance 
value of the third capacitor (C^). 



[0026] Furthermore, the present invention capacitor is not only 
disposed in the pixel array area on the array substrate of 
the liquid crystal display, but also is disposed in the pe- 
riphery circuit area on the array substrate of the liquid 
crystal display. In the previous case, the capacitor is used 
as a storage capacitor; in the latter case, the capacitor is 
used as another capacitor depending on the requirement 
of circuit design. The present invention capacitor is not 
limited to application in thin film transistor liquid crystal 
displays, or low temperature polysilicon thin film transis- 
tor liquid crystal displays in the preferred embodiment of 
the present invention. In fact, the present invention ca- 
pacitor may be applied to organic light emitting diodes 
(OLEDs), field emitting displays (FEDs), or other displays 
actively driven by thin film transistors. 

[° 027 ] Since the present invention capacitor structure replaces 
the planer capacitor made up of two- 1 aye red electrode 
plates with three stacked capacitors, comprising four prior 
art conductive layers as four-layered electrode plates, 
these three capacitors are connected in parallel with one 
another. Therefore, the capacitance value of the storage 
capacitor is equal to the sum of the capacitance values of 
these three capacitors. As a result, the area of the present 



invention capacitor structure is only approximately one 
third of the area of the prior art capacitor structure to 
store the same number of charges. Not only is the aper- 
ture ratio of the pixel increased, but also the maximum 
brightness of the liquid crystal display is improved to im- 
prove the insufficient overall contrast phenomenon that 
frequently occurs in the prior art. In addition, because the 
present invention capacitor structure utilizes the four 
conductive layers from the prior art, no extra cost is in- 
curred from special treatment or considerations to fabri- 
cate very competitive products when applying the present 
invention capacitor structure to low temperature polysili- 
con thin film transistors or other products. 
[0028] | n comparison with prior art, the present invention capaci- 
tor structure replaces the planer capacitor having two- 
layered electrode plates with three stacked capacitors 
having four conductive layers from the prior art as four- 
layered electrode plates. Since these three capacitors are 
connected in parallel with one another, the capacitance 
value of the equivalent capacitor is equal to the sum of 
the capacitance values of these three capacitors. There- 
fore, the area of the present invention capacitor structure 
is only approximately one third of the area of the prior art 



capacitor structure to store the same number of charges. 
Not only is the aperture ratio of the pixel increased, but 
also the maximum brightness of the liquid crystal display 
is improved correspondingly to improve the insufficient 
overall contrast phenomenon frequently occurring in the 
prior art. Furthermore, because the present invention ca- 
pacitor structure utilizes the four conductive layers from 
the prior art as four electrode plates, current processing 
techniques do not need to be changed when fabricating 
the present invention capacitor structure. By slightly alter- 
nating the layout of the pixel array area and the masks 
utilized for manufacturing, the present invention capacitor 
structure is formed without extra cost, owing to special 
treatments or consideration. As a result, the present in- 
vention capacitor structure is very commercially viable. 
[0029] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



